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The diet of the Eastern Screech-Owl (Megascops
asio) is comparatively well-studied; however, most
studies have utilized only one or two methods such as
pellet analysis, identification of prey remains in nest
boxes, and stomach contents. These different methods
lead to different conclusions about the relative impor-
tance of invertebrate versus vertebrate prey (Ritchison
and Cavanagh 1992). Of the 11 studies included in
Ritchison and Cavanagh’s (1992) review, only three
examined stomach contents and only one (Allen 1924)
contained an observational component. Pellet samples
of Eastern Screech-Owl have typically under-reported
invertebrates (Errington 1932; Craighead and Craig-
head 1956) and have shown the percentage of mam-
mals consumed to be very high (Cahn and Kemp
1930; Wilson 1938; Craighead and Craighead 1956;
Korschgen and Stuart 1972). Studies of nest box con-
tents also under-reported invertebrates (VanCamp and
Henny 1975) and suggested a higher proportion of
birds (Stewart 1969, Duly 1979) in the diet. Exami-
nation of stomach contents found high predation on
invertebrates such as arthropods, especially in the sum-
mermonths (Fisher 1893; Hanebrink et al 1979; Brown
1989). Duly (1979) found stomach contents contained
93% invertebrates but cached prey only 8% inverte-
brates. Furthermore, most if not all of these studies
under-reported soft-bodied invertebrates such as earth-
worms which leave no remains in pellets and which are
rarely cached (Ritchison and Cavanagh 1992; Artuso
2009). This study aims to give a more comprehensive
portrait of the diet of a northern population of Eastern
Screech-Owl by using a combination of two observa-
tional techniques (direct observation and video record-
ings) and two non-observational techniques (pellet
analysis and nest-box inspection).
In the Winnipeg area, Eastern Screech-Owls reside
along the rural – urban gradient and reach their high-
est densities in suburbs (Artuso 2009). Urbanization
can greatly influence the diet of birds, sometimes offer-
ing either increased or more varied resources (Botelho
and Arrowood 1996; Diermen 1996) and sometimes
causing profound changes in dietary regimes (Wolf and
del Rio 2000; Faeth et al. 2005). Such resources may
be accompanied by increased risks such as pollution,
toxins or diseases (Kostelecka-Myrcha et al. 1997;
Jensen et al. 2002) and may even result in ecological
traps or population sinks (Remes 2000, Battin 2004). I
therefore compared the diet of screech-owls in rural,
low-density suburban, and high-density suburban areas.
Methods
The study area was a circle with a radius of 40km
from the center ofWinnipeg, Manitoba, at the northern
periphery of the range of Eastern Screech-Owl. This
area permitted comparisons across the human density
gradient. In this area, 88% of screech-owl nests were
found in riparian areas (Artuso 2009). I used four meth-
ods to identify prey: field observations, occasionally
with the aid of flash photography; video footage from
inside a single nest box over two nesting seasons;
analysis of pellets; and the inspection of nest boxes
after all young had fledged. The sample from the nest
with a video camera was supplemented with observa-
tional and pellet data. I cross-referenced all prey items
so that items observed in the field or video were not
double counted in pellets or nest box remains. I also
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compared percentages of avian, mammalian and inver-
tebrate prey from the video recordings with those of
nearby nests with observational data only to ensure
that no biases arose from this single sample. If a prey
item was observed being eaten and its remains were
later recovered in a pellet or nest box it was treated as
observed.
Mammal and bird remains were identified by con-
sulting the collection at the Manitoba Museum and
suitable reference material (Banfield 1974; Elbroch
and Marks 2001; Kays andWilson 2002; U.S. National
Fish and Wildlife Forensics Laboratory, n.d., Wagenin-
gen University Experimental Zoology Group, no date).
Invertebrates were identified to family or genus level
by examining head capsules, elytra and legs. The num-
ber of beetles consumed was calculated from head
capsules. Feather remains in nest boxes were always
assumed to represent only one individual of each
species identified unless the total number of remiges
or rectrices exceeded the number found on one bird.
Single feathers of Wood Duck (Aix sponsa), North-
ern Flicker (Colaptes auratus) and European Starling
(Sturnus vulgaris) without other remains found in
nest boxes were not assumed to be prey as these may
have been shed by these birds when visiting the box-
es. The mass of each bird species was taken from
Sibley (2000), and of mammals as the average of the
two values (range) given by Kays and Wilson (2002).
The average weight of invertebrate species was cal-
culated from weighing individuals found in the study
area. When prey was identified to genus, family, or
group only, the average weight of all known members
of that group in the sample was calculated and assigned
to unidentified items.
Each screech-owl territory was classified as belong-
ing to one of three categories pertaining to human den-
sity, measured in persons per hectare (p/ha): high-
density suburban (>30 p/ha), low-density suburban
(>10 – 30 p/ha), and rural areas (<10 p/ha) (Artuso
2009). These categories refer to human population den-
sity rather than habitat or (altered) landscape features
per se. As the study area was within one city and sur-
rounding area, habitat was similar throughout. None-
theless, sites where nests were found within the rural
category, as operatively defined here, did have some
differences from suburban areas. In particular, the
number of trees and canopy cover decreased along the
rural – urban gradient at screech-owl nest sites and
unused sites, as did shrub density measured directly
beneath cavity trees (Artuso 2009). Conversely, the
number of coniferous trees (planted by humans) and
the number of buildings and amount of impervious
surface increased along this gradient (Artuso 2009).
Rural sites had more natural cavities whereas subur-
ban sites had more nest boxes. Rural sites also had a
slightly different tree composition, such as more trem-
bling aspen, and a denser middle story with a greater
percentage of trees in the 5 – 10m height range (as
opposed to >10m) than suburban sites. High-density
suburban areas often had some high-rise buildings,
including condominiums and apartment buildings, but
also retained areas of riparian woodland along a river
or in smaller parks.
The two broad periods of breeding and non-breed-
ing roughly followed Ritchison and Cavanagh (1992)
with an adjustment for the northern location of this
study such that the breeding season was treated rough-
ly as April through September or, where known, cal-
culated for individual pairs as the period extending
from the onset of incubation until 10 weeks after the
fledging date of the oldest chick, which corresponds
to typical natal dispersal (Gehlbach 1995). The non-
breeding season was thus October through March. Prey
consumption was calculated by significant biological
period for individual pairs based on back calculation
from fledging dates. The typical dates for these periods
were: pre-egg laying (1 Mar – 31 Mar), incubating (1
April – 8 May), brooding (9 May – 3 July), post-
fledging (4 July – 30 Sept) (Artuso 2009). The “sum-
mer” period refers to items collected from nest boxes
post-fledging for which the exact time of capture is
not known.
I calculated the percentage consumption of mam-
mals, birds, amphibians plus fish, and invertebrates per
nest/year. I subdivided bird species consumed into resi-
dent and locally breeding species versus winter visitors
and passage migrants; mammals into rodents and non-
rodents; and invertebrates into hard-bodied (detectable
in pellets) versus soft-bodied (only recorded from
observations). Niche breadth and overlap were calcu-
lated following Gehlbach (1994) for the four prey
classes to aid comparison with three other studies
(VanCamp and Henny 1975; Turner and Dimmick
1981; Gehlbach 1994; summarized in Gehlbach 1995,
Table 1). I calculated the total number of prey species
at each site but tallying invertebrates only at the fam-
ily level with items identified only to genus or group
only included if no other member of that group had
been tallied as a species. As differences in sample size
prevented direct comparison, I divided all species
counts by the square root of the sample size to produce
a simple prey diversity index. In addition to overall
calculations by human density category and biological
period, I also calculated the same percentages (pro-
portion of prey type consumed), diversity index and
niche breadth for each breeding attempt; i.e., I did not
pool data across years for sites where nesting occurred
more than once. These data were analyzed with a Chi-
square test (Ritchison and Cavanagh 1992) and multi-
ple discriminant analysis (MDA) for differences be-
tween biological periods and between high-density
suburban, low-density suburban, and rural sites. I exa-
mined box plots and log transformed diversity index
and arcsine transformed percentage variables as nec-
essary to reduce heteroscedacity before performing
the MDA.
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Results
I identified 2323 prey items from March 2004 to
February 2008 from four sources: field observations
(n = 789); video footage (n = 225); analysis of pellets
(n = 837); and inspection of nest boxes (n = 472)
(Table 1). I found 637 pellets, ranging in size from
8 × 4 mm to 51 × 12 mm (but sometimes as much as
20 mm wide in part due to flattening) and averaging
25.4 × 10.5mm. The number of prey items from obser-
vations and remains were similar, 1014 (44%) and
1309 (56%) respectively; however, the ratio of observa-
tions to pellets was not constant at all sites and care is
needed when drawing conclusions about comparative
capture rates (Table 1). Eight mammal prey species
were recorded. Meadow Vole (Microtus pennsylvani-
cus) was by far the most important individual prey
species (63% of mammalian prey and 75% of mam-
malian biomass). Including 20 unidentified voles, voles
constituted 68% of all mammal prey and 81% of the
mammalian biomass consumed. Meadow Voles con-
stituted 9% (rural) – 12% (low and high-density sub-
urban) of all prey during breeding and 2% (rural) –
20% (low-density suburban) – 45% (high-density sub-
urban) in the non-breeding season. House Mouse (Mus
musculus) (13%) and North American Deermouse
(Peromyscus maniculatus) (6%) were also regular prey.
Little Brown Bat (Myotis lucifugus) (1%) and Northern
Short-tailed Shrew (Blarina brevicauda) (1%) were
rarely consumed. House Mouse was absent from rural
sites and ranged from 3% (low-density suburban) and
2% (high-density suburban) during breeding to 6%
(low-density suburban) and 10% (high-density sub-
urban) in the non-breeding season.
A total of 26 bird species were recorded as prey;
however, many bird remains could not be identified to
species. Birds consumed were largely passerine (82%)
and the majority were small species under 40g (55%
<20g, 34% 20 – 40g, 11% >40g), contrary to Gehlbach
(1994). The most commonly recorded avian prey spe-
cies were House Sparrow (Passer domesticus) (13%
of all birds) and Black-capped Chickadee (Poecile atri-
capillus) (9%). House Sparrow was much less common
in high-density suburban and rural areas (<1%) than
in low-density suburban sites. Yellow-rumped Warbler
(Dendroica coronata) (3%) was the most commonly
captured migrant. The largest avian prey captured
were Rock Pigeons (Columba livia) and Blue Jays
(Cyanocitta cristata), as well as a single Virginia Rail
(Rallus limicola), a species seldom recorded within
the city of Winnipeg (personal observations). The only
two amphibian prey items confirmed to species were
Northern Leopard Frog (Lithobates pipiens) andWood
Frog (Rana sylvatica) and only a single unidentified
fish was found.
Fifty-seven percent of invertebrates consumed were
detected using observational techniques, compared to
22% for birds and 13% for mammals. Invertebrates
consumed included insects, earthworms, crustaceans,
arachnids, gastropods, and many unidentified items.
Most invertebrates consumed were insects, and of these
beetles were the most common group (43% of inver-
tebrates), presumably because their remains are read-
ily found and identified in pellets and nest boxes. The
family Scarabidae constituted 83% of the beetles
identified, of which many appeared to be in the genus
Phyllophaga. After beetles, the next most important
invertebrate prey were both soft-bodied, the earthworm
Lumbricus terrestris (5%) and various caterpillars
(4%). Earthworms were most commonly captured in
low-density suburban areas (1% of all rural prey in
the breeding season, 5% low suburban, 3% high sub-
urban). The proportion of invertebrate prey captured
by three unpaired males (ξ ± SE: 27.3 ± 14.2%) was
much lower than for breeding pairs (75.7 ± 5.6%).
Unpaired males caught mammals (56 ± 20.9%) more
frequently than breeding pairs (12.2 ± 3.8%)
(MANOVA,Wilk’s Lamba = 0.6, F = 6.38, df = 2,19,
P = 0.008); however, the data on the diets of unpaired
males were collected primarily from pellets found at
roost sites and are therefore biased due to a lack of
observational information.
Despite being unavailable to the owls in winter,
invertebrates constituted by far the largest proportion
of total prey captures (66% overall, 71% in the breed-
TABLE 1. Prey of Eastern Screech-Owl from 2004 to 2008: sources of the data.
Suburb – Suburb –
Bird Mammal Other V. Invert. Rural low high TOTAL
Observations
Field obs. 15 24 4 746 97 501 191 789
Video 62 30 4 129 0 0 225 225
Total obs. 77 54 8 875 97 501 416 1014 (44%)
Remains
Pellets 221 367 0 249 83 586 168 837
Nests 46 8 0 418 317 97 58 472
Total remains 267 375 0 667 400 683 226 1309 (56%)
TOTAL 344 429 8 1542 497 1184 642 2323
Other V. refers to amphibians and fish, obs. = observations, Nests refers to the inspection of nest sites after all young had
fledged.
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ing season, 20% in the non-breeding season) (Table 2).
Mammals are the next highest group (18% overall,
16% breeding, 40% non-breeding) but only slightly
higher than birds (15% overall, 12% breeding, 40%
non-breeding). Amphibians and fish, which are also
unavailable to the owls in winter, were a very small
component (<1% overall). The number of birds, mam-
mals, amphibians and fish, and invertebrates consumed
(Table 2) varied significantly by biological period
(χ2 = 854.3, df = 15, P < 0.001). Mammals were cap-
tured more than birds overall; however, birds and
mammals were consumed in equal proportions in the
non-breeding season (Mammals captured: 16% breed-
ing, 40% non-breeding, 50% winter only; birds cap-
tured: 12% breeding, 40% non-breeding, 50% winter
only). Despite the high percentages of invertebrates
captured, invertebrates constituted only 11% of the
biomass consumed (13% breeding, 2% non-breeding)
(Table 3). Although their capture rates were only slight-
ly higher, mammals contributed much more to biomass
consumed than birds (58% versus 31% overall, 57%
versus 29% breeding, 59% versus 40% non-breeding).
The ratio of vertebrates to invertebrates did not vary
by year (χ2 = 0.36, df = 3, P = 0.95); however, there
was annual variation in the type of invertebrates con-
sumed, for example, earthworms were highest in the
wettest year (17% of invertebrate captures in 2004
when precipitation from March – September totaled
531mm down to zero in 2006 when March – Septem-
ber precipitation was only 231mm) (Environment Can-
ada, no date.).
The MDA comparison of prey type by period (not
including the unspecified summer period) identified
two significant axes, viz. canonical 1: canonical cor-
relation = 0.91, likelihood ratio = 0.03, F = 3.57, df =
48, 113.75, P <0.001 and canonical 2: canonical corre-
lation = 0.84, likelihood ratio = 0.17, F = 2.21, df = 33,
89.09, p = 0.001 (Table 4). The MDA correctly clas-
sified 60% of the pre-breeding period, 91% of the
incubation period, 67% of the brooding period, 86%
of the post-fledging period, and 100% of the winter
period. The first two canonical axes from the MDA
(Figure 1.) show strong separation of the diet in bio-
logically significant periods, primarily by the distri-
bution of the prey classes and diversity. Canonical axis
1 is highly correlated to percent mammals (0.85, total
canonical structure) and birds (0.78) and negatively
correlated to percent invertebrates (-0.96). Within the
prey classes, this axis was correlated strongly to ro-
dents (0.54) and negatively to soft-bodied invertebrates
(-0.51). Niche breadth (0.54) and prey diversity (0.47)
were also important. Canonical axis one therefore rep-
resents a gradient of increasing vertebrate and decreas-
ing invertebrate consumption (especially soft-bodied
invertebrates) and the winter and pre-breeding periods
thus score highest (Figure 1). Canonical axis 2 was
strongly correlated with hard-bodied invertebrates
(0.6), niche breadth (0.47), non-rodents (0.39), amphi-
bians and fish (0.31), mammals (0.31), and diversity
(0.26). It was negatively correlated to birds (-0.13),
in particular resident birds (-0.19). Canonical axis 2 is
thus a gradient of increasing mammal consumption,
including increasing diversity of mammals (addition
of non-rodents) and higher niche breadth but slightly
lower bird consumption, in particular fewer migratory
species. Accordingly the incubation and brooding peri-
TABLE 2. Prey of Eastern Screech-Owl from 2004 – 2008: prey captures by period.
Period Bird Mammal Amphibian and fish Invertebrate Total
Winter 22 (50%) 22 (50%) 0 0 44
Pre-egg laying 68 (38%) 66 (37%) 0 44 (25%) 178
Incubating 82 (19%) 209 (49%) 3 (1%) 131 (31%) 425
Brooding 124 (17%) 110 (15%) 5 (1%) 476 (67%) 715
Post-fledging 25 (5%) 18 (3%) 0 491 (92%) 534
Summer 23 (5%) 4 (1%) 0 400 (94%) 427
Total 344 (15%) 429 (18%) 8 (<1%) 1542 (66%) 2323
Percentages indicate the number prey in each period against the total number of prey in that period.
TABLE 3. Prey of Eastern Screech-Owl from 2004 – 2008: biomass consumed by period.
Period Bird Mammal Amphibian and fish Invertebrate Total
Winter 588g (40%) 878g (60%) 0g 0g 1466g
Pre-egg laying 1710g (39%) 2599g (59%) 0g 91g (2%) 4399g
Incubating 2689g (23%) 8690g (74%) 34g (<1%) 284g (2%) 11697g
Brooding 3419g (37%) 4645g (51%) 85g (1%) 1033g (11%) 9182g
Post-fledging 627g (26%) 719g (30%) 0g 1067g (44%) 2413g
Summer 568g (37%) 167g (11%) 0g 803g (52%) 1537g
Total 9601g (31%) 17698g (58%) 119g (<1%) 3277g (11%) 30695g
Percentages indicate the total biomass per category in each period against the overall biomass in that period.
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ods scored highest on this axis, whereas the winter
and pre-breeding periods scored lowest (Figure 1).
The percentages of birds, mammals, amphibians
and fish, and invertebrates consumed overall differed
between rural, low-density suburban and high-density
suburban sites (χ2 = 17.2, df = 6, P = 0.008) (Table 5).
Owls on rural sites consumed fewer birds than owls in
low and high-density suburban sites in both the breed-
ing and non-breeding seasons (9% fewer than low-
density suburban owls in the breeding season and 30%
fewer in the non-breeding season). The ratio of resi-
dent and locally breeding species to passage migrant
and non-breeding visitors was approximately 2:1 on
all sites (Table 5). Owls on low-density suburban sites
consumed almost double the amount of birds in the
non-breeding season as owls in high-density sites and
triple that of birds in rural sites. Owls in rural areas
consumed fewer mammals in the breeding season
than either group of suburban owls. However, owls in
high-density suburban areas consumed more mam-
mals in the non-breeding season. Mammalian diversity
in the diet was greater on low-density suburban sites,
there being no shrews or bats consumed anywhere else.
Owls on rural sites consumed 16% more invertebrates
TABLE 4. Total canonical structure from MDA for prey type differences between biologically significant periods and human
density categories.
By Period By Human Density Category
Canonical 1 Canonical 2 Canonical 1 Canonical 2
Birds † 0.34 2.24 0.25 0.6
Resident birds † -0.36 -0.32 0.11 -0.15
Migrant birds † -0.08 -0.04 0.41 0.09
Mammals † -0.47 4.07 0.5 -0.05
Rodents † 0.07 -0.31 0.5 0.06
Non-rodents † 0.54 0.18 0.14 0.38
Amphibian/ fish 0.26 0.90 0.23 -0.2
Invertebrates † -1.62 3.85 -0.46 -0.03
Hard bodied † 0.14 0.30 0.31 0.34
Soft bodied † 0.24 0.53 -0.12 0.23
Diversity § -0.68 -0.41 0.3 0.58
Niche breadth -0.06 -0.38 0.18 0.5
§ indicated that the variable was log transformed. † indicates the arcsine transformation.
FIGURE 1.1Scatter plot of canonical 1 and 2 scores from MDA for prey types differences between biologically significant
periods.
than low-density suburban owls, 20% more than high-
density suburban owls in the breeding season, and
21% and 43% more respectively in the non-breeding
season (χ2 = 27.6, df = 2, P < 0.001). Rural owls also
consumed a higher proportion of hard-bodied inver-
tebrates and fewer earthworms and caterpillars. Prey
species diversity and overall niche breadth was highest
at low-density suburban sites. Rural sites had higher
diversity in the breeding season than high-density
suburbs and vice-versa in the non-breeding season.
Niche breadth was higher overall in high-density sub-
urbs compared to rural areas but only marginally. Sea-
sonal differences in niche breadth in these categories
reflect smaller sample sizes.
The MDA comparison of prey type among rural,
low-density suburban, and high-density suburban sites
identified one significant axis and one non-signifi-
cant axis, viz. canonical 1: canonical correlation =
0.94, likelihood ratio = 0.05, F = 2.58, df = 24, 18,
P = 0.02 and canonical 2: canonical correlation =
0.76, likelihood ratio = 0.42, F = 1.26, df = 11, 10, P
= 0.36. The MDA correctly classified 100% of rural
sites, 100% of low-density suburban sites and 100%
of high-density suburban sites. The first canonical axis
from the MDA (Table 4, Figure 2.) shows strong sep-
aration of the diet between rural, low-density subur-
ban, and high-density suburban sites. Canonical axis 1
is correlated to the percentage of mammals consumed
(0.5), in particular rodents (0.5); the percentage of birds
consumed (0.25), in particular passage migrants and
winter visitors (0.41); and amphibians and fish (0.23).
It is also correlated with prey diversity (0.3). This axis
is strongly negatively correlated with invertebrate
consumption (-0.46). Canonical axis 1 is thus a gradi-
ent of decreasing invertebrate consumption and cor-
respondingly higher vertebrate consumption (as per-
centages). Since the diversity of invertebrates was only
measured to the family level, the higher diversity score
on this axis is mostly explained by vertebrates. Rural
sites scored highest on this axis; i.e., high invertebrate
consumption and low vertebrate consumption, and
high-density suburban sites the lowest (Figure 2).
The total niche breadth calculated by species (B)
for this study was 6.5; however, the true niche breadth
is higher because some diversity is masked by uniden-
tified birds and invertebrates. To facilitate a compari-
son between studies, I removed invertebrates except
crayfish (following Gehlbach 1994) leaving 38 species
(some identified only to genus) and a niche breadth
of 5.9, much lower than Ohio (69 spp, B = 16.6, Van-
Camp and Henny 1975) and Texas (72 spp, B = 18.0,
Gehlbach 1994). The niche overlap between Manito-
ba and Ohio (VanCamp and Henny 1975, Table 2) is
2010 ARTUSO: DIET OF EASTERN SCREECH-OWL 127
TABLE 5. Percentage prey distribution, diversity and niche breadth in breeding (Br) and non-breeding (Non-br) seasons by
human density category.
Rural Suburban – low Suburban – high
Br Non-br Br Non-br Br Non-br
Total sample size 490 7 998 186 613 29
Birds 4.3 14.3 12.9 44.1 17.0 24.1
Resident birds 66.7 100.0 63.2 70.3 65.9 83.3
Migrant birds 33.3 0.0 36.8 29.7 34.1 16.7
Mammals 10.6 42.9 18.0 33.9 17.8 75.9
Rodents 100.0 100.0 92.6 96.7 100.0 100.0
Non-rodents 0.0 0.0 5.1 3.3 0.0 0.0
Amphibians and fish 0.4 0.0 0.3 0.0 0.7 0.0
Invertebrates 84.7 42.9 68.7 22.0 64.6 0.0
Hard bodied 94.9 0.0 66.1 85.0 65.5 0.0
Soft bodied 4.8 100.0 33.3 15.0 33.1 0.0
Average prey sp/site 14.0 4.0 15.2 10.5 11.3 7.0
Niche breadth – class 1.4 2.6 1.9 2.8 2.1 1.6
Niche breadth – species 2.2 4.5 6.1 12.4 4.9 3.8
Percentages of birds, mammals, amphibians and fish, and invertebrates are calculated against the total number of prey items
for each of the three human density categories. Other percentages are of against the total number of birds, mammals, or
invertebrates that could be identified to species or genus level and were thus classifiable into subgroups.
FIGURE 2. Box plot of canonical 1 scores from MDA for prey
types differences between rural, low-density suburban
and high-density suburban sites.
0.7 (70%), much higher than the overlap between
Manitoba and Texas of 0.21 (21%) (Figure 3). The
niche overlap between Ohio and Texas was 0.31
(Gehlbach 1994). A recent study in Québec identified
26 prey items and a niche breadth of only 3.4 (Richards
et al. 2006, Table 5); however diet was not the authors’
focus and the only method used was periodic inspec-
tion of nest boxes. Almost no invertebrates were
recorded in Québec due to methodology, so I calcu-
lated niche overlap with Manitoba excluding inverte-
brates as 0.87, indicating substantial similarities in
mammalian and avian prey.Across seven studies where
sufficient information on prey composition was pro-
vided, there is a non-significant decrease in niche
breadth with increasing latitude (linear regression:
t = 3.47, df = 5, P = 0.09, R2 = 0.46, Figure 3). This
trend would likely be significant with greater consis-
tency in methods and sample sizes.
Some species were found as prey in several studies,
although their relative importance differed. Peculiar
was the absence of Mourning Dove (Zenaida mac-
roura) as a prey item because this species was fre-
quently consumed in other studies at northern locations
(VanCamp and Henny 1975; Richards et al. 2006). The
MeadowVole is particularly important in northern diets
(68% of mammals, 13% overall and 32% of all winter
captures in Manitoba; 75% of mammals and 52% over-
all in Québec; and 37% of mammals, 13% overall and
23% of all captures in the non-breeding season in
Ohio). The degree of specialization in Manitoba is
comparatively high for a generalist predator, with the
three most frequently consumed mammals (Meadow
Vole, House Mouse, Deermouse) comprising at least
86% of mammalian prey (the true percentage may be
higher because some prey were not identified to spe-
cies and if these are excluded is 97%), and the top
three birds (House Sparrow, Black-capped Chickadee,
and either CedarWaxwing orYellow-rumpedWarbler)
23% of avian prey or 48% of avian prey identified to
species. These percentages are higher than Ohio (top
three mammals 85%, top 3 birds 32%) and Texas
(76%, 39%).
Discussion
The high percentage of invertebrates in the diet of
the Eastern Screech-Owl and the fact that 57% of
invertebrates were detected using observational tech-
niques demonstrate the need for observation in assess-
ing prey ratios of generalist raptors. The high consump-
tion rate of invertebrates I recorded in the breeding
season has only been matched by studies examining
stomach contents (Duly 1979, Hanebrink et al. 1979;
Brown 1989). Biases in pellet data have been demon-
strated in other owls (Plumpton and Lutz 1993, Yom-
Tov and Wool 1997; York et al. 2002). Nonetheless,
soft-bodied invertebrates, such as moths, worms and
caterpillars, recorded almost only by observation, may
be under-reported even in this study with multiple
methods. Invertebrates are by far the most common
prey during breeding, despite their relatively small con-
tribution to biomass consumed, whereas birds and
mammals become more common in the non-breeding
season. This pattern is also found in southern parts of
the range (Gehlbach 1994, 1995). The Eastern Screech-
Owl has a higher hunting success rate for invertebrates
(Abbruzzese and Ritchison 1997) and invertebrates
are important for the provisioning of broods, even
though they contribute comparatively little biomass,
as they can be captured close to the nest and delivered
frequently, as often as every 45 seconds in some cases
(personal observation). Unpaired males apparently cap-
ture larger prey items more regularly and rely less on
invertebrate prey than breeding pairs, although limited
observational data for unpaired males means this result
must be interpreted with care. Variation in the type of
invertebrates consumed by year, for example, the ratio
of earthworms to beetles, is likely due to accessibility
at the surface related to factors including humidity, soil
moisture and annual variation in precipitation (Gehl-
bach 1994).
Screech-owls caught crayfish (0.5% of prey cap-
tures) and frogs in shallow water; however, fish con-
stituted a smaller proportion of the diet in the study
area than elsewhere, with only a single unidentified
fish found in this sample, constituting 0.05% of total
prey capture in Manitoba versus 1.3% of prey capture
in Kentucky (Ritchison and Cavanagh 1992), 2.1% in
Texas (Gehlbach 1994), and 3.5% in Ohio (Van Camp
and Henny 1975). As 88% of nests were within 500m
of a river of creek (Artuso 2009), it remains unclear
why this is the case.
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FIGURE 3. Niche breadth (vertebrates and crayfish only) ver-
sus latitude from seven studies with niche overlap
between Manitoba and Québec, Ohio, and Texas. Data
from Manitoba (this study), Québec (Richards et al.
2006), NewYork (Allen 1924), Ohio (VanCamp and
Henny 1975), Kentucky (Ritchison and Cavanagh
1992), Tennessee (Duly 1979), and Texas (Gehlbach
1994).
Niche breadth calculations suggest very different
diets in the northern and southern portions of the range
of Eastern Screech-Owl, with narrower niches and
greater specialization in the north. This northward gra-
dient of specialization is also found in other owls, for
example, Boreal Owls in Finland (Korpimäki 1986),
whose total niche breadth in western Finland at 63°N
is only 4.4 (from 40 species of avian and mammalian
prey) and whose 3 most frequently consumed mam-
mal species comprise 80% and the top three bird
species 59% (Korpimäki 1988, calculated by Gehlbach
1994). The Long-eared Owl (Asio otus), often des-
cribed as a diet specialist, also has a more diverse diet
in southern locations (Bertolino et al. 2001). In terms
of niche breadth and diet specialization, Manitoban
Eastern Screech-Owls, with their high consumption
of meadow voles and a few common bird species, are
more similar to Finnish Boreal Owls than their Texan
conspecifics. The Meadow Vole appears to be partic-
ularly important in this northern area. Meadow Voles
were more commonly captured in suburban areas
(9.5% of all captured prey in rural areas, 13.2% in low
density suburbs and 13.9% in high-density suburbs).
The trend of decreasing niche breadth with increasing
latitude (Figure 3), suggests that this pattern of spe-
cialization is driven by the lower diversity of prey types
available at northern latitudes. Nonetheless, caution is
required in interpreting these results because of dif-
ferences in methodology between different studies, in
particular concerning calculating the consumption rate
of invertebrate prey.
Eastern Screech-Owls shift their diet with seasonal
availability. Invertebrates consumption increases
steadily from pre-laying period to the post-fledging
period. Conversely, mammals steadily decline in
importance through the breeding season. Although
mammals, in particular rodents, were captured more
than birds and contributed more to the biomass over-
all, birds became increasingly important in late fall and
winter. Mazur (1992) also reported birds and mam-
mals in equal proportions in the late fall. Birds were
also consumed in much higher percentages during the
non-breeding season than the breeding season in Texas
(Gehlbach 1994) but were only slightly higher in Ten-
nessee (Turner and Dimmick 1981) and Kentucky
(Ritchison and Cavanagh 1992) and decreased sharply
in Ohio (VanCamp and Henny 1975) and Michigan
(Craighead and Craighead 1956). Based on the latter
two studies and Allen (1924), Ritchison and Cavanagh
(1992) concluded that birds were consumed more fre-
quently in the breeding season at northern locations
due to an influx of migrants. This is not supported by
this study; however, there is support for VanCamp and
Henny’s (1975) suggestion that avian prey increases
with the arrival of spring migrants, viz. birds were
taken less than mammals in the incubation period
(19% versus 49%) but became dominant over mam-
mals in the brooding period (17% versus 15%) when
the peak arrival of Neotropical migrants occurs, and
remained slightly higher in the post-fledging period
(5% versus 3%). Among avian prey, the percentage
of migrants increased in the breeding season and pas-
sage migrants had higher Jacob’s selectivity indices
than resident and locally breeding species (Artuso
2009). The greater importance of avian prey in the
winter in Manitoba may be due to accessibility with
increasing snow cover. Screech-owls have symmetrical
ears and use vision in hunting and are less adapted to
the snow-plunging technique of boreal forest species
such as the similar-sized Boreal Owl (Aegolius fun-
ereus) with asymmetrical ears (Gehlbach 1995).
Instead screech-owls in Manitoba hunt mammals in
winter at the base of large coniferous trees where snow
cover is reduced or when they surface, for example,
near bird feeders with fallen seed or when traveling
between subnivean tunnels, crossing areas such as
driveways where snow has been cleared. House Spar-
rows and other shrub roosting birds are often hunted
by flushing them from roosts.
Screech-owls consumed more invertebrates in rural
areas than suburbs, as in Texas during the breeding
season (Gehlbach 1994). On the contrary, Burrowing
Owls (Athene cunicularia) consume more aerial in-
sects at urban sites than rural sites in Florida (Chip-
man et al. 2008). Earthworms were most frequently
captured in low density-suburbs, presumably because
the only species recorded, Lumbricus terrestris, is
associated with human activity (Reynolds 2000). In
addition, the watering of lawns at night with sprinkler
systems may provide greater access to earthworms in
suburbs. Consumption of invertebrates began as much
as two weeks earlier in suburbs with the first inverte-
brate prey being recorded on 30 March as opposed to
16 April in rural areas (earliest dates all occurred in
2007), although the smaller sample size in rural areas
meant a reduced likelihood of detecting early inverte-
brate captures there (Table 1). The percentage of inver-
tebrates captured in March and April against total
invertebrate capture was 1% in rural areas, 10% in low-
density suburban and 4% in high-density suburban
areas. Although the earlier availability of invertebrate
prey is unlikely to be the sole factor permitting earli-
er nesting in the suburbs, there are additional dietary
benefits to early nesting in that recently fledged young
who leave the nest on average 5 days earlier in subur-
ban areas than rural areas (Artuso 2009), would have
increased availability of avian passage migrants. The
earlier availability of invertebrate prey in suburban
areas may be related to factors including snow clear-
ance, fertilized gardens, or the urban heat island, which
also increases invertebrate diversity in cold climates
(Deichsel 2006).
The higher diversity of prey in the non-breeding
season in suburbs may relate to the presence of bird
species that, despite being uncommon in urban areas
in summer, linger or overwinter in the city due in part
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to the urban heat island, regularly replenished anthro-
pogenic food sources, and possibly also due to the
protective benefits of planted conifers (Taylor and
Koes 1995). Such birds may also be concentrated in
small areas with reliable food sources, increasing their
accessibility to owls. Species such as Dark-eyed Junco
(Junco hyemalis) and White-throated Sparrow (Zona-
trichia albicollis), as well as several other Emberizidae
and Fringillidae species that are scarce in winter are
most likely to occur around feeders and often in sub-
urban and urban areas (Taylor and Koes 1995). None-
theless, contrary to the generalized remarks of Gehl-
bach (1995), high-density suburban owls in Winnipeg
consumed by far the greatest percentage of mammals
in the non-breeding season (76%), and despite having
the highest niche breadth by class in the breeding sea-
son, had the lowest niche breadth by class in the non-
breeding season because of the dominance of rodents
in the diet and the absence of invertebrates (niche
breadth is highest when all prey classes are in equal
proportions). The fact that niche breadths by class are
higher in the non-breeding than breeding season in
both rural and low-density suburban areas may relate
to the seasonal shifts in diet which render the prey
classes less evenly distributed, in particular that inver-
tebrates are nearly 4 times higher than the next nearest
class (mammals) in low-density suburban areas and
nearly eight times higher in rural areas in the breed-
ing season.
Several prey species were less frequently captured
in rural areas. House Sparrow, the only avian species
to compose >10% of birds captured, was most fre-
quently captured in low-density suburbs. This species
roosts in dense shrubbery, often close to buildings or
near feeders or grain sources (Lowther and Cink 2006),
and suburbs offer concentrations of them. Tawny Owls
(Strix aluco) take advantage of easy access to avian
prey at urban roost sites and increase the proportion
of birds in their diet in urban areas (Galeotti 1991).
The House Mouse was absent from rural diets and the
Meadow Vole was most common in suburbs. Those
species were the two most significant individual prey
items in terms of biomass consumed and were partic-
ularly important in the non-breeding season. If these
capture rates are reflective of either availability or ac-
cess then their apparent increased abundance in sub-
urbs would convey an advantage. As the House Mouse
in North America is the commensal form that lives
mostly in buildings (Banfield 1974), increased avail-
ability in suburbs is not surprising. MeadowVoles may
be more common in suburban riparian parks than in
riparian forest (Mahan and O’Connell 2005) and their
density can increase with cottage development (Racey
and Euler 1982).With their small home ranges, rodents
can thrive in disturbed suburban habitats (Dickman
and Doncaster 1987, Nilon and VanDruff 1987); how-
ever, rodent diversity declines with increasing amount
of impervious surface and bare ground (VanDruff
and Rowse 1986). Like Meadow Voles, some other
small mammal species such as the Northern Short-
tailed Shrew (Blarina brevicauda) are most likely to
occur at intermediate disturbance levels (Racey and
Euler 1982) and in this study were only found at sub-
urban sites. Small mammal abundance is often higher
in small urban patches (Ekernas and Mertes 2006), a
phenomenon that may be related to limited dispersal
(Barko et al. 2003). This suggests that low-density
suburbs may offer the most diversity and abundance of
prey species (Blair 1996) and the wider niche breadth
and prey diversity of suburban screech-owls therefore
reflects availability. Likewise, Burrowing Owls in
Florida enjoyed higher prey densities close to build-
ings (Millsap and Bear 2000). Access to rodent prey in
suburbs may also be higher due to nocturnal feeding
on fallen seed under bird feeders, snow clearance, and
the greater number of coniferous trees under which
little snow accumulates (Artuso 2009).
The dietary regime of the Eastern Screech-Owl at
the northern periphery of its range is similar in over-
all composition to the diets of southerly populations.
Nonetheless, niche breadth and prey diversity decrease
northward corresponding to availability and seasonal
shifts in invertebrate versus vertebrate consumption
appear more marked. Suburban areas offered a more
diverse diet than rural areas, especially in biologically
stressful periods; however, niche breadth and diversity
peaked in low-density suburbs and declined as human
density increased above 30 p/ha.
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APPENDIX: Prey by species of Eastern Screech-Owl from March 2004 – February 2008.
Prey Item Total Captured Biomass
BIRDS n = 344 9601g
Passerines 282 (82%) 5984g (62%)
Non-passerines 11 (3%) 1444g (15%)
Unidentified bird 51 (15%) 2173g (23%)
Unidentified small passerine 90 (26%) 1782g (19%)
House Sparrow 43 (13%) 1204g (13%)
Unidentified sparrow or finch 33 (10%) 662g (7%)
Black-capped Chickadee 30 (9%) 330g (3%)
Unidentified warbler 19 (6%) 190g (2%)
Cedar Waxwing 9 (3%) 288g (3%)
Yellow-rumped Warbler 9 (3%) 111g (1%)
American Redstart 7 (2%) 58g (1%)
YellowWarbler 6 (2%) 57g (1%)
House Finch and Carpodacus sp 6 (2%) 128g (1%)
White-breasted Nuthatch 4 (1%) 84g (1%)
Rock Pigeon 4 (1%) 1080g (11%)
American Robin 3 (1%) 231g (2%)
Catharus sp 3 (1%) 93g (1%)
Hairy Woodpecker 3 (1%) 198g (2%)
DownyWoodpecker 3 (1%) 81g (1%)
Tennessee Warbler 3 (1%) 30g (0.3%)
Northern Shrike 2 (1%) 130g (1%)
Blue Jay 2 (1%) 170g (2%)
American Goldfinch 2 (1%) 26g (0.3%)
European Starling 2 (1%) 164g (2%)
House Wren 2 (1%) 22g (0.2%)
Dark-eyed Junco 2 (1%) 38g (0.4%)
Virginia Rail 1 (0.3%) 85g (1%)
White-throated Sparrow 1 (0.3%) 26g (0.3%)
Baltimore Oriole 1 (0.3%) 33g (0.3%)
Pine Grosbeak 1 (0.3%) 56g (1%)
Rose-breasted Grosbeak 1 (0.3%) 45g (0.5%)
Regulus sp 1 (0.3%) 6g (0.1%)
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APPENDIX: (continued)
Prey Item Total Captured Biomass
MAMMALS n = 429 17698g
Rodent 418 (97%) 17276g (98%)
Non-rodent 11 (3%) 422g (2%)
MeadowVole and unidentified vole 292 (68%) 14308g (81%)
House mouse 55 (13%) 1128g (6%)
Unidentified small mammal 26 (6%) 780g (4%)
Deermouse 24 (6%) 480g (3%)
Unidentified rodent 21 (5%) 580g (3%)
Little Brown Bat 6 (1%) 240g (1%)
Northern Short-tailed Shrew 4 (1%) 82g (0.5%)
Red Squirrel (young) 1 (0.2%) 100g (1%)
AMPHIBIANS AND FISH n = 8 119g
Unidentified frog 3 (38%) 45g (38%)
Northern Leopard Frog 2 (25%) 40g (34%)
Wood Frog 2 (25%) 24g (20%)
Unidentified fish 1 (13%) 10g (8%)
Invertebrates n = 1542 3277g
Hard (detectable in pellets) 690 (45%) 1425g (43%)
Soft (not detectable in pellets) 179 (12%) 338g (10%)
Unidentified invertebrate 673 (44%) 1514g (46%)
Beetle: Scarabidae 554 (36%) 1108g (34%)
Beetle: family unknown 76 (5%) 152g (5%)
Beetle: Carabidae 29 (2%) 58g (2%)
Beetle: Staphylinidae 3 (0.2%) 6g (0.2%)
Beetle: Coccinellidae 3 (0.2%) 3g (0.1%)
Earthworm (mostly Lumbricus terrestris) 79 (5%) 158g (5%)
Caterpillar sp 56 (4%) 112g (3%)
Moth (mostly Noctuidae) 36 (2%) 54g (2%)
Winged insect 12 (1%) 42g (1%)
Crayfish sp 7 (0.5%) 37g (1%)
Dragonfly sp 5 (0.3%) 15g (0.5%)
Larvae or pupae 4 (0.3%) 8g (0.2%)
Slug sp 2 (0.1%) 2g (0.1%)
Spider sp 2 (0.1%) 4g (0.1%)
Cockroach sp 1 (0.1%) 4g (0.1%)
Twenty “Microtus sp” are all most likely to be Meadow Voles hence combined. Beetle identifications are imperfect and the
number of Scarabidae may be inflated due to other families with similar head or leg shapes. Most of the unidentified inver-
tebrates were observed and were most likely small beetles or other very small prey. The most common Scarabidae prey are
in the genus Phyllophaga, the most common Carabidae prey are in the genus Calosoma.
